This study aims to investigate the electrical polarization of Ba1−xSrxTiO3 (x = 0.0, 0.2, 0.6, and 0.8) perovskite materials. The materials were synthesized using mechano-synthesis. The structural behaviour was assessed using X-ray diffractometer (XRD), revealing that all samples have a tetragonal perovskite structure with a lattice parameter that decreases with an increase in Sr. The electrical polarization was investigated using an electrometer, showing decreasing spontaneous and saturation polarizations as more Sr is substituted into the Ba sites of (Ba,Sr)TiO3. The decreasing lattice parameters and spontaneous and saturation polarizations in these materials indicate that the crystal structure changes from tetragonal to cubic as more Sr is added.
Introduction
Barium titanate (BaTiO3) crystal has a paraelectric cubic structure above its Curie temperature and changes to a ferroelectric tetragonal structure at room temperature [1] . For BaTiO3, the tetragonal phase is the most stable phase at room temperature [1, 2] . Based on several studies, Ba and/or Ti sites of BaTiO3 ceramic are usually substituted by special additives to improve the physical properties of BaTiO3 [3, 4] . In the proposed study, we focus on the Sr doping of the Ba sites of (Ba,Sr)TiO3 with various atomic portions of Sr. (Ba,Sr)TiO3 has been investigated and reported on over the past three decades. Tagantsev et al. [5] reported that (Ba,Sr)TiO3 systems exhibit tunable permittivity when a constant electric field is applied. In particular, 0.4 at.% Sr-doped BaTiO3 has been reported as the best combination of low dielectric loss and high tunability [6] . However, the electrical polarization of (Ba,Sr)TiO3 is yet to be reported. Therefore, in the proposed paper, we study the structural and electrical polarizations of Ba1−xSrxTiO3 (x = 0.0, 0.2, 0.6, and 0.8) compounds.
Experimental details
We prepared Ba1−xSrxTiO3 with x = 0.0, 0.2, 0.6, and 0.8 by mechano-synthesis using BaCO3, TiO2, and SrCO3 (all analytical grade) as precursors. All reagents were mixed with stoichiometry calculation and milled using ball milling to form a homogenous powder. The powder for each sample was calcined at 1100 °C for 2 h, pressed into pellets of thickness 2 mm and diameter 4.5 mm, and sintered at 1200 °C for 2 h. The structural properties were investigated using an X-ray diffractometer (XRD) with a Cu Kα (λ = 1.54056 Å) radiation source. The electrical properties of each sample, especially the electrical polarization, were investigated using an electrometer (6715A; Keithley). Using these, we assessed the effects of Sr substitution on the structural and electrical polarizations of Ba1−xSrxTiO3 compounds. Table 1 . Structural parameters of Ba1−xSrxTiO3 with x = 0.0, 0.2, 0.6, and 0.8. Figure 1 shows the XRD patterns for Ba1−xSrxTiO3 with x = 0.0, 0.2, 0.6, and 0.8. We used GSAS EXPGUI software to analyze each XRD pattern. All samples exhibit a tetragonal perovskite structure with no second phase. The refined structural parameters are listed in table 1, where the lattice parameters clearly decrease with an increase in the Sr content. This can be explained by the fact that the ionic radius of Sr 2+ (132 pm) is smaller than that of Ba 2+ (149 pm), thereby reducing the atomic range in the crystal lattice. This indicates that an increase in the Sr substitution can change the crystal structure to cubic (a = c). To determine the stability and distortion of perovskite crystal structure, we calculate the Goldschmidt tolerance factor "t" [7] . For t > 1, we expect a tetragonal structure. Although we know the ionic radii of the ions (60.5 pm for Ti 4+ and 124 pm for O 2− ), we must estimate the tolerance factor. We find t >1 for all samples, with t tending to unity as the Sr content is increased. This shows that an increase in the Sr content changes the crystal structure to a cubic one (t = 1), which is suitable with the results of refinement.
Results and discussion

Structural analysis
Ba1−xSrxTiO3 a (Å) c (Å) V (Å 3 ) T x = 0.0 x = 0.2 x = 0.6 x = 0.
Electrical properties
A ferroelectric material usually comprises domains that are spontaneously polarized. Applying an external electric field can change the polarization direction within these domains. The zero-field polarization value is the spontaneous polarization. Figure 2 shows the hysteresis curves (i.e., polarization as a function of electric field) of Ba1−xSrxTiO3 with x = 0.0, 0.2, 0.6, and 0.8. The polarization clearly increases with the strength of the electric field. The electric field increases the gap between positive and negative poles, thereby increasing the polarization. This produces the hysteresis behavior in the materials, especially the spontaneous and saturation polarizations. The value of the spontaneous polarization for each material is given in table 2. Table 2 shows the hysteresis behavior (i.e., the values of the spontaneous and saturation polarizations) of Ba1−xSrxTiO3 with x = 0.0, 0.2, 0.6, and 0.8. It is well known that the spontaneous and saturation polarizations in BaTiO3 and Ba1−xSrxTiO3 ferroelectric materials are caused by the crystal structure and its symmetry. Meanwhile, substituting Sr into the Ba sites of Ba1−xSrxTiO3 does not affect the dipole moment. The spontaneous and saturation polarizations clearly decrease with an increase in the Sr content. With an increase in Sr content, the lattice parameters decrease until the "a" value approaches the "c" value. This shows the tendency of the crystal structure to change from the tetragonal phase to the cubic phase, thereby decreasing the spontaneous and saturation polarizations.
Conclusions
In this study, Ba1−xSrx materials have been synthesized successfully by mechano-synthesis. All materials showed a tetragonal perovskite structure. The lattice parameters decreased with an increase in the amount of Sr doping. The spontaneous and saturation polarizations decreased with an increase in the amount of Sr substitution in the Ba sites of (Ba,Sr)TiO3. This can be attributed to the tendency of the crystal structure to change from tetragonal to cubic with an increase in the Sr amount. 
